PROCEEDINGS

Or THH

UNITED STATES NATIONAL MUSEUM

FOR THE YREATR 1893,

YVorLuMr XVIL

INTRODUCTION TO A MONOGRAPH OF THE NORTH AMERICAN
BATS.*

BY
HarrisoN ALLEN, M. D.

The bats counstitute the order Cheiroptera. Unlike related groups
which are equally extensive, the bats do not vary in sufficient degree
to be confounded by any possibility with other creatures. By an un-
trained observer shrews might be mistaken for mice or voles, some of
the smaller marsupials for minks or weasels, conies for marmots. But
the popular impression of a bat is accurate, since this creature is the
ounly mammal adapted for true flight, and no other mammal resembles
it. If any inammals exist or have existed that are half bats and halt
moles, half bats.and half lemurs, half bats and half marmots, they are
quite unknown to the naturalist. Paleontology is silent as to the
origin of the bats, though comparison of their bouny framework with
those of the Insectivora, Lemuroidea, and Rodentia suggest that they
may have arisen trom the mammalian stem not far from the points at
which the differentiation of these branches began.

MEMBRANES.

Let us examine the undissected bat, and endeavor to establish thereby
general conceptions of the creature and of some of the signs of the
superficies by which its varieties ean be named. It is at once seen
that the anterior extremities are furnished with greatly elongated
fingers, the intervals between which are occupied by two layers of skin.
Goldsmith uses a happy phrase when he says “the fingers serve like
masts that keep the canvas of a sail spread and regulate its motions.”

*The monograph from which this introduction has been extracted will be pnb-
lished as a Bulletin of the National Mnseum. The printing of the latter having heen
nnavoidably delayed, it has been thonght best to publish this introduction in
advance.—¥F W T
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Layers of skin thus make up the wing membrane.  They ave continuous
from the lasy finger and the thumb, or some adjacent surtace, to the
sides of the body, the neek (both above and helow the avim and forearm),
and (he outer side of the posterior extremity.  IBach wing membraue
reaches below the knee and from this point, in varying degrees, to the
ankle aud the foot,  The space hetween the posterior extremitios is also
oceupicd, as a rule, by two adjoined layers of integminent which con-
stitules the interfemoral membrane,  This strneture as opposed to the
above is less constant in form and dimensions. 1t may be guided by a
long tail quite to its tip, it may allow the lip to project in different, de-
grees beyoud its free marging it may greatly exceed in size that ot the
stunted tail, it may be defined as & hem along the inner border of the
limbs, or it may be entirely absceut.

1t follows from (hese statements that all bats are provided with a
baek and a front skin-expanse from the sides of the body to the extremi-
ities in a constant mauner, but from the tail to the posterior extremities
in an inconstant manner, the last named presenting modifications deter-
mined by degrees of outgrowth of the tail itself.

The membranes present. many details with vespeet to (he manner of
theiv attachwent to the sides of’ the body and te the varvious pavis of
the limbs.  Interesting varviations of plan are seen where the skin
crosses joints.  Tu the elbow joint the skin may be attached entively to
the epicondyle, so that the joint lies quite to the nnder side of the
wing, as in the MMrican fox-bal, Epomophorus; or it may be attached
midway, namely, o the olecranon, as in many forms, but perhaps best
seen in the neotropieal American Saccopteryr; ov it may be attached
cutively to the epitroehlen, so that the joint lies quite o the upper sur-
face of the wing, as in Rhinolophus pearsoni and Taphozous. At the
wrist distinetions ave seen in the manner in which the tendons of the
extensor earpi ulnaris and flexor earpi uluaris are disposed at the angle
which is formed between (he vadins and the fitth metacarpal bone,
When this angle is marked, and skin folds are conspicnons over the
tendous named, a radio-metacarpal pouchisdetined.  The knee always
lies on the upper surface of the membrane. 1t is most free in Macrotus
and least so in the Molossi* - The membrane attached to the ankle may
lie entively to the pollical side of the joint, but is disposed to cross it
by au obligue raised told and be seenred to the minimal, @ e, little toe
side,

1 have fonnd it convenient to employ & number of names tor the sub-
divisions of the dermal expanse,

The membrane which extends from the sides of the trunk to inelude
the anterior extremity is the wing membrane (“*bat wing,” patagium).

The membrane between the legs is the intertemoral membrane (nwro-
patagium).

“The group named the Motossi will be held in this essay to be distinet from the
aronp ot which Ewdallonnra is the central genus, T ot the opinion that these
allianees are distinet and co-equal.
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The wing membrane above the arm and forearm is the prebrachium
(antebrachial membrane, propataginm).

The wing membrane below the arm and forearm would hecome anti-
thetically the postbrachinm.  But sinee the postbrachinm could not be
separated from the sides of the trunk and the legs, it has been found
necessary to discand it.

The part of the wing membrane lying between the body, the humerus,
the lower extremity, and a hypothetical line drawn downward from thc
elbow and interseeting the free margin of the membrane,is the endo-
pataginm.

The boundary at the elbow is often fixed by the vertical terminal
branch of the intercosto-iumeral line.  The subordinate lines (probably
platysmal in origin) in the endopatagium incline obliguely either to-
ward the hwerus or the trunk.

The part of the wing membrane which is limited by the line at the
clbow as above given, by the forearm, and the fifth metacarpal bone
and phalanges, is the mesopatagium.*  Within the mesopatagium the
subordinate lines incline either toward the forearm or the manus.

The part of the wing membrane limited to the manus becomes the
cetopatagium (dactylo-pataginm). The subdivisions of the ectopataginm
are the first, second, third, and fourth interspaces. These are named
from the pollex toward the quintus. The series of bones which is em-
braced in the wetacarpal and phalangeal lines being conspicuous in
the bat, it is desirable to possess a name in referving to cach series
taken as a whole. The name digit will be uwsed for the rod of segments
embracing the metacarpal element. The nerve which appears at the
anterior margin of a digit becomes predigital, and that of the posterior
margin, postdigital,

The cartilaginous tip to the terminal bony phalanx, respectively, of
the third, fourth, and fifth fingers will receive the name of the thivd
phalanx when three phalanges are present, and of the fourth phalanx
when four phalanges arve present. The shapes of the terminal pha-
langes are of interest and some of these will be deseribed.

I have examined a suflicient number of genera to snggest that an
account of the markings of the wing membranes and of the shapes of
the terminal phalanges enter into all discriminating studies.

The division of the wing membrane into the parts endopatagium,
mesopat'ln‘mm and ectoGpatagium is sustained by what is observed in

Taphozous mauritianus, sinee in this species the endopataginm is of a
dark color while the rest of the membrane is white, exceptiug the extremie
tip of the end of the third finger. Now when the animal is at vest the
surfaces abave named are those only which are exposed to the light.
In all young bats which cling to the mother, without exposing any other
portions of the membrane than those named, it is evident that for a

*The endopataginm and mesopataginm are together the samoe as plagiopatagiom
of Kolenati. (Beitr. z. Naturgesch. der Enrop. Chir., Dresden, 1857.)
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long period the endopatagimn has functions whieh are not exacted of
the vest of the wing membrane, and in consequence, in my judgment,
it is casy te see how this portion of the wing expanse should be dis-
tinguished from those portions which arve used only in flight.

The digits on their palmar aspeet may be sharply detined as in the
Phyllostomidie and Corynorhinus, or they may be obscured by the men-
brane or the upper part in the forepart of the hand, namely, in the
region of the second, third, and fourth digits, as in Molossi, Vesperti-
lionidwe and the genus Aatrosous. The memlyane may lie chietly on
the npper aspeet of the digits, as in most bats, or at the lower. That
in the seeond interspace may be attached to the upper border of the
second and to the lower border of the third metacarpal bone.

The skin is mueh more loose about the legs than the arms and on the
interfemoral membrane than the wing membrane. The membranes are
attached to the lower border of the first two or three candal vertebriv,
thus permitting them to be seen distinetly above, and to the upper bor-
ders of the remaining vertebrie, thus permitting them to be scen more
distinetly below.

The skin ot the two sides of the body unite in sueh wise as to per-
mit & very narrow interval to exist between the two layers.  The upper
layer of the wing membrane is extending directly outward on a level
with the baek of the chiest and ot the loin, but the lower layer is vari-
able. It may extend ountward as in the npper layer, but a disposition
exists for it first to contform to the enrve ot the side of the trunk and
Jjoin the upper layer near the union of the side with the upper surface
of the trunk. In one remarkable instance, Chilonycteris daryl, the
under layer extends quite to the middle line ot the back, and thenee is
detlected in an acute angle outward to join the npper layer. The re-
gion of the axilla is greatly depressed in bats, owing to the inelination
tor the under skin layer to extend upward and backward. This space
is 50 large as to suggest the adaptation of the pouch thus tormed for
the protection of the young. In Cheiromeles it must have another sig-
nificanee, sinee it here constitutes a huge bag-like involution which
extends as far as the middle line of the baels.

THE WING MEMBRANE AT REST.

The bat when at rest tolds the tingers by a movement ot the root of
the hand (carpus) downward on the wrist end (distal end) of the forearm.
This movement is eharacteristic and when eompleted brings the fingers
in a compact bundle (like the ribs of a closed umbrella) under the fore-
arm and parallel to it.  The hand is thus tucked up toward the rest of
the anterior extremity, and as the forearm (in the same movement) is
sharply tlexed on the arm the entire extremity presents the greatest
possible contrast to what it exhibited when prepared for flight, The
bat now supports the body in one of two ways. 1t is prone, i. ¢., with
the front of the body downward on the plane of support, or it is pend-
ant, . e., hung by the claws of the hind feet. 1f it is prone the base of
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the thumb and wrist supports the body and is furnished with a hard-
encd pad of skin (callosity) for the purpose, the thumb being held at
the same time well out of the way, and the posterior extremity taking
the position nearly the same as that of terrestrial quadrnpeds. The
best example of those that seurry* when the wings are folded are the
Molossi. In this group the phalanges of the third and fourth digits
are now no longer held in axial line with the metacarpals as in flight,
but are drawn upward and to the side, though well out of the way.
The tail in all prone forms remains extended and the tip touches
the plane on which the animal rests. If the bat is pendant in rest the
base of the thumb and wrist do not support. The thumb is without
callosity, is more engaged in the wing membrane, and is drawn more
or less in toward the under surface of the wing. In this event the foot
is furnished with sharper and more reeurved claws, since they are now
prehensile. The leg assumes a position quite at variance with the ter.
restrial position and is different in this regard from all mammals, the
sloth alone exeepted. The tail in the pendant form, at least in our red
bat, is drawn well forward and rests on the lower part of the trunk. It
is readily seen that very long digits of the anterior extremity would be
more or less in the way in the prone forms, while they might be extended
to any degree in the pendant forms, without interference. In faet the
first named have smaller digital elements than the last and the wing
expanse is correspondingly more vestrieted.t

THE WING MEMBRANE IN FLIGHT.

‘While interesting characters are thus observed in the bat when at
rest it is in the use of the limbs in flight that the ehief peculiarities are
noted. The intervals between the digits vary greatly in the different
genera. As already remarked the under surfaces of the second and
third digits are boldly outlined or are eovered with membrane so as to
obseure their outlines. In the forms in whieh this obseuring is notieed
the fifth finger is supported by a little rod of eartilage.

The opening of the wing exerts a powerful influence over the posterior
extremity. It pnlls it outward in the forms in which an interfemoral
membrane is present and thus makes tense this membrane. The entire
limb is abdueted from the terrestrial position and the foot is turned
with its plantar surface forward.

“A word was needed to express the terrestrial motion of a bat whose wings are at
rest. I venture to use ““scurry” in lien of a better.

tThe contrast between prone and pendant positions of bats when at rest is an
instrnctive one. It supposes the existence of a number of adaptive eharacters, which
will be observed in the acecunts of members of our fauna. So little is known of the
habits of bats that it would he premature to base any generalizations upon these or
any other isolated gronps of struetural peculiarities. I have seen our common brown
bat in eaptivity hang itself up by the claws, but have never seen it other than prone
when at rest in its native haunts. I am also aware that Rhyuchouycteris (whieh has
a flexed thwnb and a small potlieal eallosity) eomes to rest like a moth; i. e, with
wings expanded yet prone.
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The wing membrane may he said to be redundant when the expanse
above the arm and forcarm extends freely to the carpus and embraces
the small thumb to @ point beyond the tiest phalanx of the thimb;
when it extends down o the toot beyond an obligue muscle line which
extends upward and outwiurd from the lower part of the leg: when the
space between the seeond and thivd digits is ample, and that between
the thumb and second digit is provided with a well-defined hem ot
membrane.

Skin folds are otten disposed along the lines represented by the
pahmar taseia, at the proximal end ot the fitth digit.*  The tlexor ten-
dons at the vadio digital angle are often covered with similar disposi-
tions of the skin.

The membranes ave supported not only by the parts of the skelatal
trame-work, as these pavts ave usually defined, but by a number of speeial
adaptations.  An accessory cartilage at the somad margin of the ter-
minal fitth digit has been already named (Molossiand Vespertilionidie,
except Plecoti).  The interfemoral membrane is supported at the free
margiu by a special cartilage (ealear) from the tarsus in all bats exeept-
ing the Pteropi, Rhinolophidic, and the Stenodermidie. The ealear
may have a pracess from its under margin, as in Noctulinia noctula,
The terminal joint of the tail may be spatalate, as in Nycteris.  Termi-
nal cartilages ot the thivd and fourth digits are present exeept in Ptero-
pidic,  Rbinolophidiv, and  Ewmballonuridie.  They are of varying
shiapes, the whole arvangement having for its objeet the sapport of the
free wmargin ot the wing membrane. These cartilages, as a rule, are
defleeted ontward. thongh they may venmin axial, as in PhyHostomid:e
and Pleeoti.

All things remaining the same, the degree of strain may be measured
by the extent and variety of these speceial supports, and may be satd
to be in the line of specialization for acrial movements. Ilenee, in forms
in which they arve absent the membranes are broad and may be said to
exhibit wore of a parachute arvangement than in other types in whieh
they are present, and the motion of the wings to be like that of a slow
fanning vather than a rapid, varied tlight.

Strain ou the membranes is also shown in the angle form between
the portions of the wing tavthest away from the body. namely, the
region of the second and third digits,  These are pulled away from the
tourth and fitth digits, which remain nearly passive by the traetion of
the muscles which extend these bones (extensores carpi radiales longior
et brevior), and the whole membrane beeomes tense.  The contrast be-
tween the shapes of the wing in this regard is considerable when such
forms as Jletibens. Nyctivomus, and _Ltalaphe are compaved.

When the wing of a bat is hield up between the eye ot the observer
and 2 bright light the membrane is scen to be trauslueent.  The deli-
ate connective tissue lines (trabeenke) are seen uniting the various

*Vespertilionidie (exeepting Plecoti) and Molossi.
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parts of the bony framework, and the positions of the nerves, blood
vessels, and musele-faseicles ave displayed.  The paths of the nerves
and blood vessels constitute one system and may be spoken of together,
but the traceule and muscles are distinet from these and in some degree
tfrom each other. s in the case of thie relation which exists between
the skin and the bones, so in the arrangement ot the parts just named
the degrees of strain to whieh the wing is subjected acconnt in the main
for the ditference in the various genera. The musele-fascicles are most
numerouns in the membrane near the body, and are better developed in
the narrow-pointed winged forms, such as Molossi and Atalaphea, than
in the broad, parachute-like forms. The muscle clement in the wing is
especially weak in the Pteropidie, Rhinolophidw, and Vespertilionidev.

The fibrous lines whieh extend across the membranes are not without
system. Many of them are excessively attennated tendons; sueh, for
example, are the fibres of the palmar faseia, already mentioned. Others
are the fibres which conneet the joints of digits; more of them yet ap-
pear to be parts ot a true derm.  The nerves and blood vessels pursue
the same courses. Since the directions of nerves are of more impor-
tanee in morphological study than the vessels, the former will be alone
named. Ineach interdigital space a nerve tends to enter at its proximal
end and, dividing into two branches, ineline along the sides of the op-
posed metacarpal bones. The departures from this plan are numerous,
and are so constant in groups of generie and even speeific limitation
that they constitute a valnable addition to diagnoses.

The wing membrane, when expanded, exhibits differenees in the width
of the interdigital spaces. These differences relate in an intimate man-
ner with the behavior of the parts in flight, and consequently with
habit. The subjoined table indicates some ot these distinetions:

Manal (pteral) formulwe of the widths of second, thivd, and fourth interspuces.

| | B ifference
Species. 1I. | 111 V. | DO fetween
[ AT T and IV,
M. mnt. IR | wm. nem.
Lophostoma...... Slo/s/alalalalaialalalelulole/oalslolnlos oo s aaenasiaennannn 7 17 18 419 1
2 1) L 3 16 | 3 5
T 010 Y o000 Ces D H0 e CaE S0E S0 00 DO0HE SRRSO o 15 R 44 7
LTl <5500 60 6806000500000508 00000 o BB EEEEOEEEEHE 3 2l 37 53 10
W IATTRE ) oo o000 S0 B0 EEE S (oS0 C SO0 S0 S 3 17 o 36 10
&by ™ ¥ on0 000 ceUoaaes0 8000000008 JHBCEnE0 00000005 13 15 17 40 12
B T (0 R . 3 20 68 26 9-12
A TS 600 000660000 600 00 08E0ANCCEEEEC ARSI 16 41 53 105 12
Lonehogloss 6000000600000 S000B0BG00EER0E # 19 32 33 2
Monophylus. o 3 17 24 | 32 14
Artibens ... 65 5000005060000000060a06G00 4 il 39 51 18
Lo s N 3 L2 43 64 138
T 0L s ¢ £ 000500000858 66 65 55050 HEEEEEAREEREE A EEaG 3 16 35+ 50 19
iy s> IR 5 0 0S8 0080E 800000800800 000 EETIT S 4 30 by 81 45
Rhynchonycter 555000 > IUOOOOBHEEO0E0EERS 5 16 25 40 9
Cynopterus * 5052a5000009050665500550 10 138 ol 438 9
LT T e o P PP PP 24 11 31 59 10
T OIS B oo 08000000 000000 U E N NP RRes 13 20, 39 83 11
]{Lino]mmn e hanEe550000606080C00000000000060000 IIBEC000 3 13 30 G{ 17
MOlOSSIS § oo i e 3 D 35 46 30
B LT UL LR 2 13 ] 83 45
TR || 60000000 SH00008E0000BEa0000 NP PR 13 17 K 145 52
* C. marginatus. 1 E. franqueeti. [l L. edwardsii.

1 V. murinns. M. rufus.
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This list is xelected in the main for comparison in members of a sin-
gle fimily, viz, the Phyllostomidiv.  The Tast cight forms are from fami-
lies other than the one first named.

It is believed that these distinetions may boe conveniently ineluded
i the eharaeteristic proporvtions ot hats,

In flight the thumb is extended in Vespertilionidie, but pavtially
flexed in Phylostomidae (exeepting Desmodas and  Diphylla) and in
Plecoti. 'The degree of incelosure of the thumb in the membrane an-
swers to the amplitude ot the membranes generally and when extensive
tends to deaw the thumb slightly toward the palm, the space between
the thumb and index finger being modervately ocenpied by a skin expan-
sion.

[t is a tendeney under certain conditions for all growth processes to
dominate tunetions other thian those which are essential to their own
activities,  The best general coneeption of the manner of extending a
fold of skin between the limbs is seen in the Batrachia.  In the water
newts a longitudinal ridge is often seen extending along the sides of
the trunk. This is continuous along the hinder borvder ot the anterior
extremity (well developed in Meropoma) and reaches ax far as the tip
of the tifth digit. This fold is supplied by the ulnar nerve, which ap-
pears to be in its carliest expression a nevve tor the skin of the poste-
rior border of the fovearm, ot the fifth digit, and the museles found in
these regions.  The phenomena ot a told ot skin extending between the
toes is one already tamiliar, so that the general plan ot the skin expanse
in a ereature so low as the Meropoma prefigures that of so highly spe-
clalized a formas the bat without violence and withoutleaving a single
line obsenred.  Difference ot degree and not of kind separates thew.

The very exeeptional disposition in the bat for the skin from the
trunk to extend the entire lengths ot the Timb, and in the case ot the
anterior extremity to torm enormous webs between the produced dig-
its, is assoelated with an inelination tor the cars to become greatly ex-
panded and tor entanecons eftshoots to appear at the muzzle, chin, and
the sides ot the face.  Even the prepucee is disposed to be redundant,
Together with this inelination, dermal structures are highly specialized,
so that the sebaceous glands, hair follicles, and tactile bodies are well
developed. 1t can be readily snrmised that speecial adaptations for a

“ariety of purposes oceur in this group of strnetures, so that secondary
sexual chavacters ave fonnd in the gland masses of the skinof the necek,
and of the skin folds, the details in’ the eavs, the pouches ot skin, ete.,
ave available tor purposes of elassification.

THE BXTERNAL EAR.

In this connection let ns glance at the peenliarities of the external

ar. The external ear is markedly moditied from the type usual in

quadmpeds.  1ts simplest expression is seen in the Peevopidas and the
Rhinolophidie.  1n these tamilies the widely separated anricular cavti-



e | PROCEEDINGS OF THE NATIONAL MUSEUM. 9

lages are closely enwrapped by integument and the tragus is absent.
In such an ear the terms inner and outer borders and tip, exhaust the
list which are demanded in their deseviption.  In the ears of the re.
maining tamilies it is tar diftevent.  The auriele here is expanded to
degrees which bring the onter parts to a greater or less degree down-
ward and forward on the upper parts of the neck and reach the region
of the month, or even the ¢hin, while the inner border, being gnarded
by @ skin fold which connects the ear to the crown, is disposed to be
united with the corvesponding part of the ear of the opposite side and
extend in varying degrees toward the snont.  Skin lap pets arise from
both inner and outer borders, Those from the inner border (rom a
long appendage which lies in advanee as defined in the simple ear and
becomes the internal hem. As arule it ends as a tree lobe inferiorvly,
which thus becomes the internal basal lobe. The line of the true inter-
nal border being always discernible hecomes the internal ridge.  The
external border, which is distinguished from the true external border
which now becomes the external ridge is alse disposed to form a hem
(external hem), which, however, in contrast to the inner is apt to be
divided into an npper and alower part; the upper part forms the first
seallop, and the lower the second scallop. The free lower end of the
outer border becomes the external basal lobe, which may be separated
trom the lower scallop by a deep basal noteh, ov the second scallop may
extend across this noteh and the external basal lobe and becomes con-
tinuous at various distanees with the face or that over the lower jaw.
These parts will not veceive distinetive names.  In most examples the
auricle is also conveniently divided into an anterior and a posterior
part, the anterior part is marked, if marked at all, by lines repeating
that of the internal border, while the posterior part is marked, if
marked at all, by couspicnons transverse lines or strice.  The hair
when it extends npward on the ear from the crown is usually of the
color and character of that ot the crown, while that of the posterior is
of the color mud character of that of the neck.

The tragus vavies excecdingly in form.  The following terms are em-
ployed in its description, viz, the ineer and oufer border, the tip, the
noteh, which is near the base of the outer border, and the busal lobe,
which lies helow the noteli.  The tragus is said to be absent in Ptero-
pidie and Rhinolophidiv, but in some examples of the family Last named
arudimental tragus can be discerned. The tragns always arises from
the ridge whieh lies in front of the anditory meatus and connects the
inner and outer aurvicnlar borders. 1t is of interest to observe that
while this conneection with the borders is imperfectly defined in most
bats that in the recently discovered Fuderma it is markedly so united
and tends to constrict the basal parts of the enormous aurvicle.

Not only is this the case, but the ears are often united by a band
(inter auricwdar membrane) which extends obliquely forward.  In Cory-
norhinus and Macrotus it is on the tace, and in Promops perotis reaches
gqnite to the snout.
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fu illusteation of the value of the car in elassification the following
table is dvawn up from the members off the bats described in this
memoir.

Phyllostomide.—Lxternal ear without internal basal lobe,  External
vidge rudintental or absent.  Iixternal hasal lobe not marginal, but lies
well within the large seeond seallop, which is continued well in front;
tragus proreet, conrsely erenulate or spinose on outer horder,

Molossi.—sars without internal basal lobe. Internal vidge produced
forming a <keel.”  External ridge marginal, prodneed, bounding exter-
nal basal lobe.  lixternal basal noteh open, i e not covered by lower
seallop; tragns vadimental.

Vespertilionide.—ars with internal basal lobe.  Internal and exter-
nal ridges rundimental, not prodneed.  lxternal basal lobe marginal
(except Plecoti), not tonching external basal ridge.  External basal
noteh occeupied by produced lower seallop. Tragnus obseurely crenu-
late on outer border, or smooth,

SECONDARY SKIN DEVELOPMENTS,

At the mmzzle the skin tolds ave median and lateral.  The margins
of the nostrils expand above and at the outer side while they are sepa-
rated by a groove or a ridge in the middle line, as is seen in Brachy-
phylle and Nyctivomus.  Or the two tines of perinarial expansion may
meet below in the space between the nostrils aud the lip to form a
swollen vidge as in Glossophaga ov a lappet as in most Vampyri, while
the internavial vidge is coutinuons with a vertical leatlet.  This is the
type seen in most of the Phyllostomidie as exemplified in this memoir
in cbrtibens and Jacerotus.  The nostrils may remain simple with upper
bhorder adyaneed npon lumen of the opening =o as to divide it into two
cornua as in most Vespertilionidie or the lumen may be oval as in Ku-
derma

The lower lip is firmly held to the gum of the lower ineisor teeth, as
in Vespertilio, or it is free and forms a protrusile, membranous fold
as in ialaphe. Tt may be entive or divided in the eenter o as to torm
two ehin plates as in Jaerotus and as a variation in Nycticejus.  In
Atadapha a distinet lappet extends entively across the ehin and in de-
grees of development distingnishes the sexes. The chin itself and the
space diveetly back of it is adorned with seattered warvts in all forms,
but in Phyllostomide, as shown in A rtibens, the entive chin is conspien-
ously adorued with yverruewe arranged in median and lateral gronps.
In Chilonyeteris and Mormops these are the sites of curionsly complex
leatlets,

The sides of the face arve furnished with skin-talds of various lengths,
which ave continuons with the external border of the anrvicle, or a large
wart lies divecetly back of or below the angle of the mouth, while the
siilles ot the muzzle are apt to be more or less thickened by swollen
gland-masses, which tend to embrace the side of the nose-leaf as in
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Artibeus and Macrotus, or ascend toward the vertex of the tace, where
they cither approach each other on the top of the muzzle as in .lutro-
cous, or end firee as in Corynovhinus.

IIAIR.

The hair of the body is arranged in regions having well-defined bound-
aries. The crown of the head, the region directly in front of the ear,
the neck, especially the side and back, inelusive of a line across the top
of the chest, the shoulder itself, the sides of the under surface of the
body, the rmmyp, and pubis are all regions which are often scparately
colored, or elothed with hair of distinet texture, or rate of development
than that of the other portions of the body. The sides of the neck are
always furnished with longer hair than is the front and ovdinarily than
is the back., The hair of the pubis is more woolly than that seen else-
where. The hair extends farther on the dorsnm of the face in Vesper-
tilio than in most genera.  The same region is naked in ddelowyeteris.
The shoulders are oceasionally furnished with shades of color contrast-
ing with that of the rest of the body.

The membranes are ¢lothed with hair in varying degrees. The greater
area is naked. The interfemoral membrane is move thickly clothed on
the upper than the lower surface, a tendency reaching its maximum in
Atalapha, while the lower surface of the wing membrane between the
body and the border of the manus—a tendeney also marked in A falapha,
but most marked in the Asiatic form of the noctule bat (Noctulina noc-
tula lasiopterus). As a rule the fur from the under surface of the body
extends from the upper third or half of the arm to the knee. The
presence of a elump of hair on the dorsmn of the forearm is a good
peripheral eharacter for Atalapha cinerea. The interfemoral membrane
as a rule is covered with an extension of hair from the rump to the
basal third in most Vespertilionidie.  In Vespertilio an interesting char-
acter is noted in this ¢lumyp, not being well defined, but straggles down-
wardin an irregular manner and is lost near the ankle.  This disposition
is especially developed in Vespertilio capaccini and in the Nevadan
varviety of Vespertilio nitidus ciliolabrwm. 'The lower border of the
membrane is constantly fringed in some forms of Vespertilio, but as
an individual variation in the North American species. 1t is rare to
have the lower border of the wing membrane from the foot to the
manus fringed as in Pteropus, but Vespertilio, as seen in North
America exhibits a singnlarly eonstant, mminute bristle which overlies
the membrane at the tip ot the fifth finger. The cars are apt to be
sparsely haired on the inner surface near the antervior border, on the
outer surtace at the basal third or half, and on the external basal lobe.
On the whole the bats which take the prone position in rest are less
heavily furred than those which are pendent. In one of the most
marked forms of the former group (Cheiromeles) the skin is nearly naked.
Interesting contrasts ean be made in this way between the hannters of
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caves, atties, and old tree trunks and those which are canght hanging
from the smaller branches and twigs of trees and hushes.

Bristles (setie) usnally surmount warts (verrneie).  They are best de-
veloped on the face of Molossi, thongh they may be found in the group
last named on the upper surtace of the intertemoral membrane. The
very long hairs of the sides of the mmzzle, which are so ¢onspienous in
many of the small mammals of other orders, notably the Rodentia and
Carnivora are absent.  The best examples are met with in Vespertilio
and Choeronyeteris.  Fringes of bristles adorn the margins of the toes
in Molossi.

In deseribing bats in this manner the attention which has heen given
to the details of the coloring and the markings on membranes require
an exaet use of terms.

When hair arises firom the membrane it will be seen that the clumps
follow the directions ot the trabeculic and are detected in the trans.
lucent wing as minute black dots wnranged in rows. These must not
be confounded with pigment spots which dot the naked spaces of the
wing in some species. i

GLANDS, 5

The skin glands are best developed on the sides of the face direetly
back of the muzzle.  In Molossi a large, median, coarse sebaceous gland
lies on the under surface of the neek. It is best developed in the male.
The mamnie are large during the lactating.period when the nipples are
projecting and the aveolar space naked. At other times the nipple
disappears and the gland is reduced to the smallest possible propor-
tions,  In Suecopteryr and its allies the wing membrane above the an-
terior extremity is furnished with a sack which is lined with folds which
yield a fetid seervetion.  The position and size of this sack furnish ex-
cellent characters to distinguish genera as well as sexes of individuals,

COLORATION.

It is neeessary to state that the colors for the most part are deseribed
from aleoholic specimens which have been removed from the spirit and
permitted to dry.  Mr. I, W, True writes in the Smithsouian Report
for 1888 that alcohol disturbs the color selreme of o mammal. The
character of aleohol is not especially here named and the remark is
undoubtedly correct for specimens whicli have been preserved in wood
spirit. However, none of the specimens used for study have been pre-
served in other than commercial aleohol which has been variously
diluted with water. I have observed no differences ot the kind named
between the few living individuals 1 have scen, the fur of the dried
skin prepared in the usual way with arsenic and in skins drvied after
prolonged immersion in commercial spirit. It must also be remembered
that since all the material available for my study has been preserved
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in the sante medium the comparisons are sufliciently exact for purposes
of identification of museum alcoholies. It is barely possible that the
color description may require some modification as contrasted with
these drawn up from living specimens.

SKELETON.

Skull.—In deseribing the skull in bats, I have borne in mind that the
form of the brain gives expression to the shape of the Drain-case to a
far greater degree than is the ease in other mammals. The divisions
of the braiu are readily outlined externally, and yield convenient bound-
aries, since the shapes of associated parts harmonize in some degree to
them. Thus the region of the proéncephalon, of the mesencephalon,
and of the metencephalon are defined. In like manner the impressions
made by the lines of attachment of the temporal and masseter muscles,
the former on the eranium, the latter on the lower jaw, are valuable.
For the temporal muscles I have named the median line between the
two the sagittal erest or line, and the anterior and posterior temporal
impressions the anterior and posterior temporal ridges or lines.

On the under surface of the skull the size and direction of the proc-
ess (sphenoidal tongue) which extends backward and outward from
the basisphenoid is worthy of notice. As compared to other mammals,
the cochlea is unusually large at the base of the skull, and is, as a rule,
but partially coneealed by the tympanic boune.

The otic capsule varies in the degree in which bony laminwe occupy
the spaces created by the semicirenlar canals.  On the side of the skull
the surface (opisthotic) which adjoins the squama in mammals gener-
ally is in bats erossed by a process of the squama uniting with one from
the exoccipital, as in Atalapha, or the surface is free as in Nyctinomus.
The old-world genus IHipposideros resembles Nyctinomus in this par-
ticular. When the otic capsule falls out, as it is apt to do in the over-
macerated skull, & foramen or a notch is always defined bLetween the
squama and the ocecipital bone. Sometimes a foramen of the same sig-
nificance, viz, one occupied by the opisthotic during life, is seen on
the occiput. :

The otic capsule in Pteropidwe alone is inclosed in bone, to form a
triangular wedge comparable to the os petrosa of other mammals. As
a rule, the form of the cochlea and semicircular canals are outlined as
though in the human skull the encapsuling petrosal bone had been
chiseled away, the degrees in which thin plates of bone fill in the
semicircular eanals being alone subject to change. The horizontal loop
in all forms examined is filled with bone.

The following scheme of the otic element will be found useful:
External loop entirely occupied with bone:

Superior loop angulated, open_.. ... ... .driibeus.

Superior loop nearly filled ... . . . ..2 Nyetinomus (N. brasiliensis).
Superior loop about half filled............ Atalapha.
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External loop ahmost entively oceupied with hone:

JAntrozous.

Uespertilio.

delonyeleris (A, fuscus).
lixternal Toop and superior loops not ocenpied with hone:

Noctilio.

Maerotus (occusionidly excepted),

Hemiderma,

Chilonyeteris,

The tympanic bone is sometimes ineomplete, as i Vespertilio, at its
upper are, where it limits the zona tympanica superiorly.  ‘The bone
constitutes the bulla, which presents varvious degrees ot extension over
the cochlea ov forward along the side of the glenoid fossa.  The width
ot the origin of the sterno-mastoid muscle is much greater than in
mammalia generally.  This interval in LLrtibeuns equals one-seventh of
the greatest length of the skull, which in Canis it equals one-nineteeunth,

Seen from above, the face is deseribed as forming a vertex.  This ex-
teuds from the vegion of the proencephalon to the upper border of the
anterior nasal aperture.  On the side the region of the tace is equal to
the length of the dental series. The orbit is, strietly speaking, taat
portion of the skull which accommodates the eyeball; but this is mueh
smaller than the space as detined by the hony limits, as seen in many
othermammals,  Since custom has sanetioned an aqeceptance of an or-
bitalregion which would be limited posteriorly if a process were present
extending from the anterior temporal ridge toward the zygoma, a simi-
L region so vestricted is held to be a valid one in all bats.  In some
genera, indeed, as those of the Emballonuridie, the post-orbital proe-
ess is constantly present, and in the Ptevopidiec varying degrees of
posterior limitations of the ovbital region ave seen,  The tace, inelnding
a part of the frontal bone, isintlated at the side in bats. I have called
this the trouto-maxillary inflation, 1t torms a ridge or swelling at the
upper border of the orbit.  "The intlation of the sknll at the anterior
part of the frontal bone to torm the frontal sinus is much less conspic-
wous in the Cheivoptera than in some other ovders, but the maxillary
intlation is greater.  Phis peculiarity gives the face abroad efteet at its
Junetion with the brain-case and modifies the shape ot the orbit, The
cthmoidal plates variously change the shape of the inner wall.  As a
rule, the trontal bone here permits the ectoturbinal parts to be in part
detined.  The region of the lachrymal hone appears to resist the dis-
position to intlation: henee the peculiarvities ot the inflation give char.
acter to this portion of the cranium,  Onthe vertex theintlation causes
the face to widen from the proencephalon to near the anfevior nasal
aperture, where it is abruptly narrowed, and to create depressions ot in-
constant kinds in the line of the conjoiued nasal bones.  The extent to
which the recession of the nasal houe from the anterior nasal aperture
oceurs, as well as of the palatal noteh, due to the rudimentary state of
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the premaxillae, afford bases for some characters of minor value. The
length of the intra-ovbital canal and the peculiarities of the outer wall
of the canal ave of interest.  In Artibews the canal is long and for the
most part smooth externally, as in Canis, while in the fanna generally
it is short, as in Felis, and is often elevated.

The hard palate may be either in the main axis of the skull, as in most
forms, or deflected upward and forward. The characters furnished by
the pterygoid processes, the palatal plates, are here as useful as in
other mammalian groups. The premaxillic arve rarely firmly united to
one another.  When they are so united, as in Phyllostomidie and Mo-
lossi, the median incisors are disposed to be contignous.  When they are
not united, a large median interspace separates them and is continuous
with the vaenity which in other mammals represent the incisorial for-
amen.  The presence or absenee of the spheno-palatine foramen is used
in some gronps, as Molossi and in Plecoti, in separating genera. The
disposition of the turbinals is also ot interest, the peecunliarities of the
arrangement being definitive of the families as established oun other
struetnral characters, It in mammals generally an outer and an inner
turbinal group is recognized, then in the bats we have o median lamina
which bears upon its inner surface one or more serolls (endoturbinals),
and an onter lamina with much simpler accessories (ectoturbinals).
The simplest arrangement of the turbinals is seen in the Nyeteridae aml

Rhinolophidiv, the most complex in Pteropidic. In Natalus alone is
the evtoturbinal rudimental or absent.  (Bull. Mus. Comp. Zool., Ieb.,
1880.) '

In addition to the peculiarities of the masseteric impression on the
lower jaw, already noticed, charaeters are furnished in the height of the
coronoid process and the degree of deflection as well as the size and
shape of the angle. The post-symphysal spine which is conspivnous
in some extinct forms has not been seen by me in any of the extant
forms, and I have examined most of the genera of the order.

The shortening of the tace, pari passu, with rednetion of teetlh, is seen
in Carnivora. The tendency is seen in Vesperugo, and in bats gen-
erally. In Vespertilio the shortening ot face is accompanied by dis-
placement inward of the premolars.  In a mechanieal sense it amounts
to the same as reduction in number. In pteropine bats a remarkable
persistence of facial length remains, while the disposition to reduction
is evident. One may conelude from the instance last named that the
shortening of faee and veduetion of teeth are independent. The same
s true of the Ungulata.

In Atalaphe the lower jaw closes in front of the upper. The lower
canines articulate with the anterior surfaces ot the npper laterals their
entire length.  The upper canines are tree, i, e., do not articnlate with
* anything.

Vertebral column.—The vertebral column is withont large processes
other than the lwemopophyses which arve well developed in the eervical
region.
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The atlas is broadest in Pteropidie.  In both Ptevopus and Epomoph-
orus the bone extends downward posteriorly and at the sides so as
to coneeal the lower opening of the canal tor the vertebral canal.  The
upper border of the conjoined Lamina is boldly rugose.  In clrtibeus, a
member of a group in the New World analogous to the foregoing, the
atlas is greatly redueed in the proportions of the lamina and the trans-
verse proeessy the lower opening of the canal for the vertebral canal is
exposed on the posterior aspeet of the bone, while the upper border of
the conjoined Tamine is seareely rugose.  In the vespertilionines, molos-
sines, and phyllostomines minor peculiarities distinguish the atlas.
These are given in the diagnosis of genera and speeies.  In a general
way it may be said that the pteropines are broadly sepavated from all
the other bats by the characters presented by this bone.  In Pteropus
aund FEpoemophorus the axis possesses a large neural spine which almost
cquals the length of the body inelusive ot the eylindroid odontoid pro-
cess.  In Artibeus the spine is but one-half the length of the body
melusive of the tuberele-like odontoid process.  Theremaining portion of
theeervical is curvedmoreorlessantero-posteriorly.  This is less marked
in the pteropine and phyllostomine genera than in the vespertilionine
where the curve is so great as to bring the oceiput almost to the fivst
dorsal vertebra,  The sacrum, at its upper portion, exhibits a compressed
projecting ventral surtaee.  The spinous processes are tlat, distinet, and
inerease in size from above downward in molossines and A telapha, but
they are low and confluent in many forms as in the pteropines. The
first coceygeal vertebra in tailed forms is large and resembles those of
the sacrum. The candal vertebrie below this are cylindroid.  They

qary greatly in length, especially at the beginning of the sevies.

Ribs.—The ribs are flat, broad, with wide intercostal spaces (coales-
cent in Netalus and Hipposideros for the region of the fivst and
second ribs).  The other interspaces are also well detined in Pteropidav,
but as a rule they ave nwrrow, and in Natalus and Hipposideros are
practically obliterated. The costal cartilages are relatively inelastic
and are disposed to become early ealeified.  Indeed, the entire chest
is rigid, and the ribs often become anchylosed to the spine, and in some
forms, as in old individuals of Vespertilio murinus, the contiguous ribs
to each other.  ience the respiratory movements are for the most part
pertormed by the diaphragm and the flank museles.

Sternum.—The sternum possesses a massive, broad prosternum and a
narrowed mesosternum and metasternum. The prosternum sends o
couspicuous process torward into the neck (as in many terrestrial mam-
mals) in molossines: all the others are without this process.  The first
joint is usually eonspicnously keeled, and in Pteropida this Keel is
divided by a deep noteh. The mesosternum in the same family is also
keeled its entirve length, but in the other groups it is barely rvidged or
smooth.

Anterior imbs.—The claviele is present in all bats. 1t is tirmly at-
tached at both the acromial and the sternal end. The last named
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effects an important articulation with the cartilage of the fivst vib and
in the sterno-claviculo-costal joint; in Molossi, at least, it is of cnormons
strength. The scapula, as in other clavieulate forms, with few excep-
tions, in which the large anterior extremity is not supported on the
ground, possesses an infraspinatus fossa very mueh larger than the
supraspinatus. The bone lies well up on the side of the, neck in the
forms in which the cervical series of vertebriv is bent forward.  Execel-
lent charactersare yielded by the coracoid process.  Itis always lougand
slender, simple, and gently curved in various ares in Pteropidae, Rlii-
“nolophid:e, Emballonnridie, and Phyllostomid:v, but bifid in most
Vespertilionidie, It is interesting to find the genus Vespertilio aber-
rant in this vespeet, the process being simple and enrved quite as in
the larger groups first named. The posterior tuberele is prolonged to
form an obligue posteriorly-directed proeess in the molossines and in
Chalinolobus.

With the exeeption of the tuberosities of the hwmerus no check
processes exist anywhere in the bones of the limbs, thus presenting
marked eontrasts with the Iimbs of birds. The trochlear end of the
humerus yields in the shape and direction of the epitroehilea valuable
chavacters, This process conformns to the terrestrial type, 4. e., it is
transversely inclined in pteropines and the genus Saccopteryr; is de-
flected downward parallel or nearly so to the shaft in phylostomines,
but is absent in vespertilionines. In vespertilionines again the artien-
lar surface is axial, 4. ¢., is in the middle line of the humerus, but in
phyllostomines it is thrown well off’ to the onter side. Narrow-winged
forms, as the molossines and the genus Atalapha, exhibit large tubercles
on the humerns and wide trochlear surtaces. Thus these characters
harmonize with rapid flight. On the other hand, the forms with smaller
tubercles and narrow poorly defined trochlear surfaces have broad
wings and presumably slow flight.

The radius eonstitutes the main support of the forearm and presents
few variations from a single type. As a rule it is nearly straight, but
is muech bent in Hipposideros. 1t is always obliquely grooved by the
tendon of the extensor ossi metacarpi pollicis. The size of the large
deep fossa for the insertion of the biceps flexor is variable. Since the
ulna does not enter into the eomposition of the anterior arc of the
trochlea, and its place is here taken by the radins in addition to the
work this bone does in articnlating with the humerus at its outer half,
it is easily scen that the radius is provided with two facets at its prox-
imal end, and that the main ridge on the distal artienlar surface of the
hwumerus fits in between these two radial facets. So far as the degree
of invasion of the radius into the trochlea has been noted it appears ta
correlate with the degree of activity of the prone form in scurrying.
It is thus marked in Cheiromeles and  Molossus, and is swmall I
Kerivoula.

Proc, N, M. 93——2
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The wlna is more inconstant in form than the radius; in all it is in-
complete and is composed of a proximal and a distal rudiment.  The
proximal rudiment is free at the weak oleeranon, which resembles the
parts in the sloth, and is continnous in most genera with an arvched
rod-like shatt ot umitorm width, which is ossified, as a rnle, with the ra-
dins at about its proximal third.  Exeeptionsarve noted to this arrange-
ment in some of the vespertilionine genera, e. g., Seotophiles and Mini-
opterus, as well as in the molossine Promops, in which a small anchy-
losed olecranon unites by a filitorm shaft to the proximal third of the
ulna.  But the vespertilionine forms as a rule (Harpiocephalus not ex-
amined) vetain a free oleeranon which is continuons with a filitorm ta-
pering shatt, which ends free in the museles of the forearm.  Coryno-
rhinus, Nyetophilus, Chalinolobus ave exceptions even to thix arrange
ntent, for here the shatt is entirely absent, the yudimental tixed oleera-
non constituting the entire proximal end. The tendon of the triceps
musele as itis inserted into the wlna is ocenpied by a sesamoid bone.
No other animals possess a bone in this situation. £ is either @ sepa-
rate ossicle developed in the tendon, ov the disjuneted epiphysis of the
nlna.  This relatively unimportant bone receives the musele which
alone extends the powertul forearm, The extensor carpi ulnar is—a
musele as eonstant in this group as in others—arises trom it.  All the
relations of the ulua, therefore, are with the extensors,  The distal end
is anchylosed to the radius at the wrist.  The form may be that of o
quadrate plate which is usually entive. though it may vetain aominute
forsmmen of insulticiency, as a rule, in the vespertilionines. 'The plate
nmay be absent when a hook-like process diveeted proximally, as in mo-
lossines and Atalapha; it may project nearly at right angles to shaft
and be eonoidal; as in phyllostomines, rhinolophines, and the genera
Neaecopteryr and Natalus; or it may be absent, as in the pteropines.

The carpus of bats exhibits some valuable characters.  In all forms
the first row of bones is composed of two bones only—viz, a large hone
which constitutes the greater part of the row and will heve receive the
name of the seapho lunar, and a small separate bone at the ulna border
of the seapho-lunar which appears to be the enneiforn,

The second row is composed of the trapezinm, trapezoid, os magnun,
wueitorm, and pisiform.  The os magnum and uneitorm always unite
to form a convex snrtace tor artienlation with the second row,  With
the exception of the pisaform all these integers are easily recognized.
The carpus on the whole is simple, since the fivst, second, and  third
metacarpal bones are in axial articulation with trapezinm. trapezoid,
and os magnum, respectively, while the fourth and fifth metacarpal
bones artienlate with the unciform.

1n pteropines the trapezinm and os magnum are greatly larger than
are the other bones of the second row, and give a peenliarly massive
appearance to the carpus when the wing is folded.  The bone fivst
named is without nodosity on the palmar aspect.  Wedged between
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the two bones last named is the insignificant trapezoid.  Owing to the
abruptly curved line formed by the heads of the metacarpals the
sceond and fifth bones lie at the level of the plane, which would unite
the euds of the curve, while the third and fourth form the hottom.
The cavity defined by the curve as indicated is almost entirely occupied
by a large hatchet-shape prolongation of the os magnum.  Thus the os
magnum, beside its axial attachments, is held on the one side to the
second and on the other to the fitth metacarpal bone. The heads of
these bones are so disposed as not to approach cach other. The pisi-
form is absent unless it is represented in the palmar prolongation of
the os magnun.

In rhinolophines the plan is that of pteropines. Though the hones
are less massive than in that group, the methods ot artienlation ace
the same, and the pisilorm is also apparently absent.

In Artibeus the palmar part of the os magnum articulates with a
separate but mueh smaller element, which occupies the place of the
Latchet-shape plate in Pteropus. The heads of the metacarpals are
seareely curved, and those of the second and fifth are disposed not,
to approach each other.

Among the vespertilionines we notice the following: Coryuorhinus
closely resembles Artibeus.  In Adelonycteris the trapezimm possesses
a tubercle on the palmar aspect; the os magnum is without palmar
plate cither nnited or separate. The heads of the seecond and fifth
metacarpals approach each other and almost toneh.  In Atalapha the
tubercele to the trapezinm is retained, while the pahwar extension of
the os magnum is absent. Articuluvting on the pollical side of the fifth
metacarpal bone is a separate ossicle, which appears to take the place
of the part last named. 1t is elongated and much larger than any of
the carpal clements. I have named it the pisiform. Antrozous is
much the same as dtalapha; the ossicle by the side of the fifth meta-
carpal bone is triangular in shape. The plate of bone which is con-
tinnous with the os magnum on its palmar aspect in pteropines appears
to be the same as the separate ossicle in the same situation in Artibews.

The bone which articulates by its hase with the fitth metacarpat bone
in Atalapha and Antrozous wonld appear to be identieal with the above

_plate, sinee when it is present the os-magnum ends in a simple manner
toward the palm. It would appear to he the pisiform, since in Atalaphea
it was observed to reeeive the tendon of the extensor carpi ulnaris.

Nesamoid bones.—The sesamoid bones ave found in locations where
great motion is permitted on the side opposite to which the boues are
lodged—the purpose being apparently to prevent stretching of the
museles whieh ecarry the sesamoids. At the point at which stretch-
ing would begin the bones lock with the joint surface and takes the
strain. They are best developed on the dorsum of the carpus in phyl-
lostomines.

The tendency above noted for the second and fitth metaearpal bones
to incline toward one another on the palmar aspect of the carpus, and
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as a result for the second bone to he in tront of the third and for the
lifth to lie in front o’ the fourth, is « notable feature in the manus of.
the hat.  Minor differenees are seen in the velative lengeths of the bones.
They are shortest in pteropines and rhinolophines.,  The second meta-
carpal is usnally slightly shorter than the others, but in 1ipposideros
it is much shorter.  The fifth metacarpal bone is apt to be the largest,
as in Pteropus, but in Hipposideros and in the molossines it is the short-
est. In the group last named and the related genus A talapha the hones
are marked by grooves for the powerfnl metacarpo-phalangeal tlexors.
The thivd metacarpal bone is commmonly the Targest, the fitth the short est,
the fonmrth being intermediate, yet in North Ameriean species oft Ves-
pertilio the fourth bone, being slightly shorter than the fifth, is sote-
times an individual vaviation,  Wegaderme is remarkable for having the
above order reversed—the fifth metacarpal is the largest and the third
is the shortest.  Viewed as a whole the manus, notwithstanding its
cnormons longitudinal development in the third, fourth, and fifth ele-
ments, is singularly unimportant in the first and secoud. The second,
however, while unsupported by elongated phalanges, has strong arclii-
tectural funetions at the line ot its union with the carpus.

The phalanges present few points ot contrast. They are uniformly
clongated rods.  As arule the sceond digit possesses a single rudi-
mentary phalanx which may he free or semianchylised to the metacar-
pus. The highest degree of development is attained in the pteropines
and in the genns Rhinopomea, the former having three and the latter
two phalanges.  In the ptevopines the third is ordinarily furnished with
aelaw.  They vary greatly in the range of motion, those of the second
and filth digits being the least mobile: in their relative Iengths in the
pteropines and the genera Noctilio and Miniopterus, these forms being
remarkable for the degrees present of lateral and dorsal tlexion. 1t
has been noted on p. — that the disposition and relative sizes of the
phalanges vary in the sewrrying and pendant forms. In the position
of tlight the row of first phalanges is flexed downward, but the row
of second phalanges is at the same time deflected laterally; . e. to-
ward the body.  In the position of rest the parts either remain axially
disposed or the row of the first phalangesis laterally or dorsally tlexed,
as in the molossines and emballanonrines,  The terminal cartilages are
apparentlyabsent in pteropines and rhinolophines.  When present they
remain in axial line with the phalanges, as in phyllostomines (excepting
Vampyrus), or they arve detlected from that line, as in vespertilionines
and molossines,  These Little rods appear to be indices of the amount and
direction of strain fo which the membranes are subjected, and point,
therefore, to distinetions in methods of tlight. It may be said that
they are absent, or, if' present, axially disposed in the broad-winged
forms, but are detlected in the narrow winged.  1n vespertilionines and
molossines (excepting Kerivowla (2) and Antrozons) the fitth digit is pro-
vided with an aceessory cartilage, which lies to the onter side of the
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terminal cartilage, 1t slightly projects from the margin of the wing
menibrane.

The much greater length of” the third digit, as compared with that
of other digits, is a noteworthy feature of the bat wing. Its relative
length in different torms serves as a guide to generic and sometimes
to specific distinetions.

The peculiarities of the thumb are so marked that they can be best
considered apart from the other manal parts. The thumb, as a rule, is
free from membrane beyond the basal third of the first phalanx, but
may be almost entirely inclosed, as in Thyroptera. The extent of the
enwrapping membrane determines the size of the little fold of skin
whieh lies between the thunb and the second metacarpal bone. The
thumb is relatively large in pendent forus, since it is here of value in
prehension; per contra, in Thyroptera, in which genus a suctorial disk
takes the place of a prehensile thumb, this digit is also small, though
the animal is nnadapted to activity in the prone attitude. It has Deen
already noted (p. 5) that the thumb is bent downward and the under
surface of the first metacarpal bone fairly well ontlined in the pendent
forms. Lt is not known how Desmodus and  Diphylla, which process
with large projecting thumbs, support the body when at rest. The
claws on the feet are weak, and the animals are probably not pendent
at rest.  With these exceptions, the phyllostomines possess the semi-
flexed thumb, as do all the other families excepting the molossines aud
vespertiliones.

Posterior limbs.—The innominate bone always exhibits a narrow rod-
like ilium which oceasionally projects slightly above the line of the ilio-
sacral artienlation, bnt as a rule is level therewith, The dorsnm of the
ilinm is flat, in most forms, but it may be concave and broad, as in
molossines, dtalaphe and Chilonyeteris.  The pubis is, as a rule, defined
in the males, but is absent and has a wide interval defined between the
innominate bones anteriorly in the females. The shape ot the ischinm
and of the thyroid foramen is subject to slight variation in genera and
even in species. The innominate bone is in most forms distinet from
the vertebral column, In molossines, Chilonycteris, and in rhinolo-
phines, it is anchylosed, both at the sacro-iliac junction and the ischio-
sacral or ischio-coceygeal junctions.  Chilonycteris is an instance of the
union last named. In all bats a disposition exists for the tuberosity of
theischinm to approach the vertebral colnmn, thus presenting a marked
contrast to that seen in terrestrial quadrupeds. _Antrozous exhibits a
facet between the tuberosity and the first joint ot the coceyx.  The sloth
is the only animal I can recall whieh exhibits a fixation of the ischinm
similar to that found in the bats. The ilio-pectineal spine is marked;
often a large tubercle, it may be a needle-like spine.  In Hipposideros
it is of enormous length and is anchylosed to the iliwm near its upper
border.
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The interest which attaches to the osteology of the hind extremity
has led me to give in more detail the following:

In pteropines the ilinm is curved ontward to a slight degree at the
erest. The vidge from the npper border ofthe acetabnlum isinconspie-
uous and does not extend entire length of itinm; thus the ventiral and
dorsal swrtaces are not separated and there is no special external bor-
der near the erest. The tuberosity of the ischium is deflected markedly
from the line of the ilinm and lies against the coceyx, The pubis is
thickened inferiorly; the pectineal spine is absent or searcely discern-
ible. ‘

In Hipposideros among the rhinolophines the ilimm is expanded and
ix coneave on both dorsal and ventral surfaces. The broad erest ex-
tends outward and unites by a broad thin flange to the tip of the long
peetineal spine,  Tuberosity of the ischinmm not projected backward;
nearly the entire pubis and ischinm converted into a broad plate of
bone at the expense of the thyroid foramen. Symphysis pubis long,
entire.  The trochanters of the femur are drawn backward and ap-
proximated; the inner trochanter is the longer; the outer side of the
shatt below the head furnished with a flange.  The condyles small and
separated by a wide noteh. I the tibia the spine for hamstrings conm-
pressed.  Internal tuberosity prolonged: no mallelus.

In phyllostomines the ilium is nots detlected at crest.  As seen in
Artibeus the ridge above the acetabuinm rudimental asin pteropines—
the ventral and dorsal surfaces therefore searcely  distinguished.  The
external border below the erest is rugose and enormously thickened.
The ischium is turned but slightly toward the coceyx. The inferior
border of the pubis produced inward as a long blunt process and the
upper border forms a long acicalar process (peetineal eminence) which
extends one-halt the length ot the ilium.  The trochanters of the femur
not carried back, the outer not separated from the head by a noteh.
The inner is mueh longer than the outer. The shaft at its inner side
at the proximatl fifths exhibits a conspicuous erest.  The condyles are
of equal size.  Above them posteriorly is o depression (best narked
over inner condyle) to receive in forced tlexion the posterior border of
the articular surface ot the tibia.  Intercondylar noteh, pit-like.  Prox-
imal end of the tibia with scareely any inward projeeting process;
malleolus none; tuberele for insertion of hamstrings markedly devel-
oped; surface for artienlation with the fibula rmgose.

In Hemiderma the innominate is much as in Artibeus, but the pubis
not projeeting or thickened; the pectineal spine but one-third the
length of the ilium. The femur guite as in this genns, but the outer
trochanter separated by a noteh from the head. In Macrotus the in-
nominate bone mueh the same as above, but the pectineal spine over
once-half the length of the ilium, The trochanters ot the femur approxi-
mated and earried well to the back of the shaft.  The fibula only half
the length of the tibia,
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In Mormops the ilinm is greatly compressed between thie ventral and
dorsal surtaces; first joint of the tail very long.  The femur and tibia
as in Macrotus.  Chilonycteris in like manner exhibits a compressed
ilium ossified to sacrum with broad ragose external border adjoining
erest. Dorsal surface slightly concave and expanded. In both Mos-
nops and  Chilouycteris the tuberosity of the ischinm is anchylosed
to the sacrnm.  The pubis in the male ot Mormops is bony and entire:
in Chilonyeteris it is less tirmly defined.  The pectineal spine in Moy
mops is two-thirds the length of the ilinm.  In Chilonycteris davyi it
is remarkable for being nearly as long as this bone and bound by
fibrous tissue to the vertebrae.  1In both of the genera of Lobostomidiv
the trochanters of the femur are approximate, contluent, and’ carried
well back of the head. Tibia and fibula mueh as in Hacrotus.

In Molossus the innominate hone is compressed, expanded. It iscon-
cave dorsally with narrow ilia¢ npper border slightly projecting. Pec-
tineal spine one-third the height ol the ilium. Pubie symphysis en-
tire, bony. Tuberosity of the ischium projects well backward, but is
free from the sacrmin.  The inner trochanter mueh larger than the
outer; truneate with a downward projecting projecting spine, not car-
ried backward., The outer trochanter separated trom the head by a
slight noteh. Condyles equal in size; notch wide, shallow. Tibia
straight with large malleolus.

In Promops the pelvis entive as in Molossus; characters much the
same as in this genus, but the upper border of the ilium without spine
and the tuberosity articulating with the sacrwn, but not anchylosed
thereto. Femurand tibia of the same character—the distal epiphysis
of the temur narrower than the expanded shaft. In Nyctivowus the
ilinm as in Molossus, but the pnbie bones free; femur and tibia the
same. :

In Atalapha the ilinm is quite as in Molossus, but is not anchylosed to
the sacrum. The pectineal spine blunt, rudimental; tuberosity of the
ischinn lies in the same line with ilium approaches sacrum, but is not
articulated therewith. Both trochanters of the femwr are carried
backward as in Vampyri, but are not approximate; <. e., they are visible
from in front; the inner is the narrower, though they are of the same
length. Condyles high and narrow, the inner scarcely the wider;
notch narrow, deep. Tibia curved with medianly projecting inner
tuberosity, malleolus scarcely discernible.  Fibula entire; upper por-
tion membranous. In Antrozous the ilium is anchylosed to the sacrum
and in the male at least the symphysis pubis is well defined; the tuber-
osity of the ischinm extends back of the line of the ilinm and almost
touches the sacrum. The pubic bone without a thickened iaferior
border. The fenmr and tibia mueh asin Vespertilio.

In Vespertilio the ilinm is narrow, not expanded above and not con-
cave posteriorly; the outer border scavcely thickened near the crvest.
The pectineal spine low, compressed, directed slightly torward, blunt,
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scareely higher than the acetabulum.  The interior border of the pubic
hone greatly thickened near the \\'mph\'.\u- linie in the male.  The in-
nominate hone is lightly held to the saernum and at the symphysis pubis.
The inuner trochanter of the femur equals the external. Both are small
and the gluteal erest is searvcely Lavger than a tlange which unites the
nner trochanter to the shaft, thus making the femur unique. The in-
ner condyle is slightly the lavger and the noteh narvow. The tibia
with large projecting median spine at the proximal end:; malleous dis-
tinet.

In .tdelonycteris and Lasionycteris the parts quite as in Vespertilio,
the pectineal spine slightly longer: the shatt of the femue just below
the head less expanded.

Corynorhinus much as in Vespertilio, but the upper part of' the femur
much less expanded, the shaft near the trochanter scarcely at all.

The femur is without neck. The outer and inner trochanters are
subequal, and of Targe size, the outer tending to become the larger as
in the molossines,  The outer side of the shaft below the trochanter
is often marked by a flange in position of the thivd trochanter.  Hip-
posideros and all phyllostomines show an inelination to the development
of a conspicuous flange on the inuer side ot the shaft near the inner tro-
chanter.  This is most marked in Chilonycteris, Mormeps, and Natalus.
In the genera last named the trochanters ave drawn backward, lie on
the posterior surface ot the bone, and are in close velation (resembling,
with the head, the anterior end of a geometrie larva), while as a rule
they are on lines which answer to the lateral ligaments of the kuee
Joint.  The condyles are approximate miarkedly unequal with a narrow
intercondylar notely, the inner condyle being the larger. as is the rule,
or wide apart with small condyles, ax in molossines and rhinolophines.
The tibia may be shorter than the femur, as in clrtibeus and Molossus,
but it is, as a rule, longer than that bone.  The inner tuberosity is tur-
nished with a horizontally-projecting process in vespertilionines: this is
an exeellent charaeter detining the tamily. The tuberele for insertion
of the hamstrings is most marked in strictly arborveal forms, as the
pteropines.  The malleolns is often rudimentary or absent, as in phyl-
lostomines and rhinolophines.  The fibula is unit'nnnlyimpel'ﬂ'vt:llm\'c
save in the molossines, where it is complete. or in Adntrozous, where ¢
membranous tillet continues the form ot the boue to the inner tnlwnmtv
of the tibia.

The toes retain two phalanges to the tirst toe; all the others have
three, but ditfer in their relative lengths,  The fiest phalanx of the first
toe is, se far as examined, longer than that of the other toes. In
I’hmpu.x' the lengths ot the toes from the second to the fifth gradually
diminish.  In Chilonyeteris they abraptly inerease, that of the second
toe being one-third shorter than the fifth.  In all bats the tarsus and
caleanenm are elongateand exhibit the general character of these bones
i mammals, in which little or no weight is borne upon the posterior
extremities.  Both Dones ave so disposed that the larger end of each is
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directed proximally. In Rhinolophus the calcancum enters into the
ankle joint. In other torms the caleanewn is independent of the joint.
In Phyllostomidee, ineluding Neatalus, as well as in the genus Rhycho-
nycteris, the calear®* is placed in axial line with the calcaneam. In
other families it joins the calecaneum to its outer side at a well-defined
angle.  As a rule the astragalus and caleaneum are nearly of one size,
but in the genus last named the calcaneum is notably the smaller (Am.
Naturalist, 17eb., 1886, 176).

GENERAL PLAN OF ANTERIOR EXTREMITIES IN FLYING VERTE-
BRATED ANIMALS.

From the above consideration it will be seen that the wing mem-
branes possess various features which can be used in distinguishing
the members of the order.  But atter what manner are the flying inam-
mals distinguished from other flying vertebrates?

There are two distinet types of moditication which the vertebrate
skeleton has undergone in adapting the animal for flight, both of which
depend upon some peeuliarity in the structure of the anterior extremi-
ties; and in order to obtain a correet opiuion of them we propose to
cast a glanee at each in turn.

Plan of bony structure of the wings of flying vertebrate animals.

I. Wing mewmbrane supported by all fingers.

@. Bones of carpus ununited Bats (Vespertilio), order of MAMMALIA.
distinet; flight main- | 1I. Wing membrane supported by the fourth finger
tained hy dermal ex- only (which is immensely developed), the
panse, others remaining free.

Pterodactyles, order of REPTILIA.
TIL. Bones of metacarpus, two to three in number;
feathers not radiating.
Living birds (AVES)—class.
IV. Boues of metacarpus, four in nnomher; feathers
radiating.

b. Bones of carpns united;
flight maintained by
dermal appendages.

Archewopteryr (AVEs)—subelass.
I. The Bat, in which the humerus is long and slender, with a small peetoral
ridge. Ulnarndimentary. Theradins constitntesthe hulk of the forearn;
carpus composed of six bones; the metacarpal bones, five iu number, sepa-
rate and distinet; the phalanges generally, two in number; thnmb, andin

some genera the index finger, surmounted by a claw.

IL. The Pterodactyle, in which the humerus is short and straight, very broad
athead, with angnlar and prominent pectoral ridge; ulna and radins dis-
tinct, of nearly eqnal size; carpus composed of five bones; metacarpus of
four bones, separate and distinct; first finger with three joints, second
with four, third with five, fonrth with four joints, all provided with claws.
with the exeeption of the fonrth, which isremarkable for the extraordinary
development of its several joints. It isfrom thislast-mentioned finger to
the hase of the foot that the skin was stretched by which the animal was

L enabled to tly.

“The ealear is an element of doubtful homology. It supports the free border of
the interfemoral membrane, and is of the same significance as the aceessory carti-
lage of the fifth manal digit.
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(1L The Bivd, inv which the hnmerns is curved, more or less slendeor; peetoral
‘ vidge prominent, not angnlar; ulna lavge, curved; not nuited with the
slender and more diminutive radins: earpus or two hones; metacarpus of
two, sometines of threo hones—the tivst heing sinall and eylindricaly the
other twao of Targer dimensions and united so as to form a hone resembling
those ol the foreavin: nlnar phalanx of one joint. nnited to the vadial,
which is composed of twao.
Thepower ofsustmming tlight not dependent npon the expansion of skin,
hut npon the excessive development of dermal appendages (feathers).
1V, The Avelzeapteryx agrees with the typical hivd in geveral partienlars, but
ditters in the number ot metacarpal boues, whiel ave here fonr innumber:
the tirst and second are slender, free and separvate from one another; the
(hird and tourth hear considerable vesemblancee to those of extant binds, in
beinglarge, stout, and closely approximated ; butare not, however, united.
| Flight is snpposed to have been maintained in the siane manner as i
L living hivds,

In addition to the instances alveady given, certain tishes, as the
Frocwtus and Dactylopterus, possess the power ot sustainig true flight.
The mechanism that litts the body of the tish trom the water, and up-
holds it for a short time in the wir, is obtained in the peetoral tins,
which, in these animals, are enovmonsly developed.  The strneture of
these tins is homologous to that of the anterior extremities ot other
vertebrates—their torm atone being modified to adapt the animal to
the medinm i which it is plaed.  Thus we have, in each great subdi-
vision ot vertebrate animals, a vepresentative capable of sustaining
thight.

Another somewhat similar moditication of the animal economy is met
with in a few animals of arboreal habits.  Here a peenliar arrange-
ment of the skin is observed, whieh enables the possessor ta break the
toree of downward leaps.  In the Flying Lemur (Galeopitheeuns), in the
Ilying Squirrel (Ptevomys), and in the Flying Oposswn (Petawrista).
the furred skin extends latevally trom the sides of the body, and is
attached to antevior and posterior extremities at the metaearpal and
metatarsal regions respeetively. The only instanee ot osteological
development is obtained in the Dragon (Drace volans), a small lizard
trom Sumatra, in which long, transverse processes trom either side ot the
Inmbar vertebrie support a thin membranons growth which is eapable
of being opened and shut by means ot muscles attached to the bony
frame-work.

TEETU.

In deseribing the teeth the nomenclature of Prof. H. F. Osborn will
be followed.  The diagram herewith presenfed is copied from  this
writer's paper in the American Natnralist, December, 1885, p. 1072,

UPPER MOLARS,

bW RUSTITIOTR O LR TS NS e - SRR - oo 0880 90800 0o =050 0 5000 Protocone.  pr.
Postero-internal cusp or siath enspo. oo i Hypocone.  hy.
Antero-external ensp oo i iii i ieeeencaeaaaa Parvacone.  pa.
Postero-eXtertil CHSP .. oo it i i iiae ccia e e e - Metacone, mie.
Anterior intermedinte cuspe oo Lo i il it Protoconnle. pl.

Posterior intermediate ensp oo oo ool il Metaconnle. ml.
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LOWER MOLARNS,

Al -EEEIIR (FISDE oo 0 oo ac s oot Geon ooEaon SIS EEE S St S S R Protoconid. prd
IR TRO=CRN Lo AR LR NSRS A Hypoconid. hyd
Auntero-internal eusp or fifth cusp - ..o o o il L Paraconid, pad
Intermediate orantero-internal cusp (in quadritnberenlar molars) .. Metaconid, et
RO 0=t G S PR . . e e A OBE0 CeEEEE Entoconid. end

The upper molar in most bats presents to an extraordinary degree
depressions on the outer or buceal surtace ot the crown.  Such depres-
sions receive the name of “ flutings” and are seen in the teeth of many
mammals other tiian the bats, as for example in the moles and shrews
among the lusectivora, in the Ungulata, and in a marked degree in an
extinet genus described by Prof. Cope, Lambdotherium. “Flatings,”
while of no homological significance, furnish systematic chavacters, and
will therefore be noted in the deseriptions. Disposed so as to define
two V-shaped figures the “flutings” extend as a sinnate commissure
Dbetween thie paracone and the metacone. Of the two Vs an anterior
and a posterior will be distinguished. TEach V has two limbs, a tirst ad
a second. In the third molar various degrees of loss of the system
of flutings occur. Commonly the anterior V is retained while the sec-
ond is lost, excepting the buccal half of the first limb, as in 'V fuscus, or
the “fluting” is reduced to the anterior V, the palatal halt of the see-
ond limb being lost, asin Macrotus and Atwlapha. In the Bats of North
America the least reduced last molars are seen in Nyctinomus and V.
hesperus.

The tri-tubercular tooth which results from the presence of the three
cusps, the protocone, the paracone, and the metacone, may be con-
nected with a triangular figure by bands which nnites the cusp-poiuts.
hese bands will be named in this monograph the commissures.  Inthe
molars of the bat such a triangle is seen whose apex is palatal and
constituted of the protocone and whose commissure extends from this
cusp to the paracone and metacone. Its base is the extraordinarily
sinnate (*‘fluted™) bueeal snrtace of the erown. A caretul search must
be made for the true positions of the sides of this triangular figure tor
they lic on the opposed sides ot the teeth and are inconspicuous. The
crown at the “flutings” is of great vertical extent and dwarfs even the
proportions of the protocone. When sceen in profile the proportions
between the size of the ¢“colunms” of the two V’s and the “cusp” of
the protocone aftord materials for interesting comparisons in the difter-
ent genera. The hypocone presents excellent subordinate characters.
It is a development of the cingulum.  Usually flat, as in Maerotus, it
may be asharply defined as in Promops perotis, or provided with a sharp
cusp as in the exotic genus Noctilio. The eingulum can be traced as a
delicate ridge which lies basal to the sides of the tritubercular triangle.
It varies greatly in extent, being best developed in Nyctinomus.

In the lower molar scarcely any finting is present and the plan of the
tooth is simple. The protoconid, paraconid, and melaconid are united



28 NORTIH AMERICAN BATS—II, ALLEN.

Ly commissnres.  The apex of the triangular figure is boceal, The
hieel or hypoconid is Targe. 16 is united to the triangle by a commis-
sure at the lingnal side. Such o connnissure is provided with a sharp
cusp in £ perotis, but as arule it is smoaoth,

KEY 10 GENERA,

1. Batswithmedian appendage tonose, tourineisors in lower jaw . .. P1IY LLOSTOMID.E.
«. Body massive, anricle shorter than head, not united with its fellow. . dytibews.
al. Body slender, anvicle as large or Tonger than head, nnited with its fellow

................................................................. Wacrotus.

1. Bats withont wedian appendages {o nose.

b, Nostrils cirenlar, wings navrow and pointed ; tail long, produced tar heyond
intertemoral membrane; marginal toes tringed with coarse hair. MoLossI,

Lips grooved...... 5 e e Nycetinomus.
AT MU RO 5 006 o om0 =208 Goom00 cana aeamas ceos 5606000000 Promops.

4. Noslrils elliptical, wings broad, ample; tail as long or only slightly longer
than the broad interfemoral membrane; marginal toes naked

.................................................... VESPERTILIONID.E.

c. Two inecisors in upper jaw.

tNix ineisors in lower jaw.

* Intertcmoral menibrane more or less hairy.
Premolars 1' Y YT R TR
2

Premolars 7 o oo Atalapha,
** Interfemoral membrane not hairy oo oo ool Nyclicejus.
t+ Four incisors in lower juow oo oo oo L. {ntrozons.

. Four incisors in npper jaw,
i Premolars .l 3 greatest width of tragns at hase equals one-half of inner
bhowder. .o oL oo i e e e LT Ldelonyeteris.
i1 Premolars -

“Greatest width ot tragns equals wneh less than one-halt inner border;
nose simple, cars separate .o oL ool .. Fesperugo.

** Greatest width of tragus equals one-thivd height of inner border;
anricles united,

3 Nose with lateral elnb-shaped gland-masses_........... Corynorhinus.

§ § Nose withont tateral club-shaped gland-masse Fuderuia.

2 q b q 0
tHt Premolars 73 greatest width of teagns at middle and eguals two-thivds

e gl ORI P oo Sa85 =660 GadEEs coon 8 880s cooooo Lasiougeleris,

«

ttit Premolars : Lips whiskered, dorsum ot thee turred. ... Fespertilio



